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[57] ABSTRACT 

A novel ?uorinated organosilicon compound, exhibiting 
excellent solvent resistance, chemical resistance and mold 
release, which is represented by general formula (1): 

wherein Rf is a divalent group represented by general 
formula (2): 

wherein Y is a ?uorine atom or CF3 group; 1 is an integer of 
0-8; k and m are integers of 0-4; j and n are integers of 0 
or 1; except when j=k=l=m=n=0. 

7 Claims, 3 Drawing Sheets 
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FLUORINATED ORGANOSILICON 
COMPOUND 

BACKGROUND OF THE INVENTION 

The present invention relates to a novel ?uorinated orga 
nosilicon compound. 

Fluorinated organosilicon compounds are known to be 
useful crosslinking agents, or useful starting materials for 
solvent-resistant or chemical-resistant rubber materials, and 
those for mold release materials. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
?uorinated organosilicon compound which is extremely 
useful for the above applications. 

There is provided by the present invention a ?uorinated 
organosilicon compound represented by general formula (1) 
below: 

wherein Rf is a divalent per?uoroalkylene group or a 
divalent per?uoropolyether group represented by general 
formula (2) below: 

Y CF3 CF3 Y 

' wherein Y is a ?uorine atom or CF3 group; 1 is an integer of 
0~8; k and rn are integers of 0-4; j and n are integers of 0 
or 1, except when j=k=l=m=n=0. 

In the ?uorinated organosilicon compound of the present 
invention, there are two silylethylene groups. Since each 
silylethylene group has a structure that a Si atom is linked, 
through an ethylene group, to a divalent per?uoroalkylene 
group or a divalent per?uoropolyether group, the ?uorinated 
organosilicon compound of the present invention exhibits 
excellent properties, such as solvent resistance, chemical 
resistance, and mold release, and it permits manufacturing 
therefrom, materials such as a variety of rubbers, with 
improvements in their properties. 

CH3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an IR spectrum of the ?uorinated organosilicon 

compound of the present invention synthesized in Example 
1. 

FIG. 2 is an IR spectrum of the ?uorinated organosilicon 

compound of the present invention synthesized in Example 
2. 

FIG. 3 is an IR spectrum of the ?uorinated organosilicon 
compound of the present invention synthesized in Example 
3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The above ?uorinated organic group Rf in the present 
invention is preferably a divalent per?uoropolyether group. 
Its preferable examples are those illustrated below: 

CFs 

Thus, the following are typical examples for the ?uori 
nated organosilicon compound of the present invention. 
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CH3 CF3 CF3 CH3 
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CH3 

CH3 

CH3 CF3 CF53 

'Ihe ?uorinated organosilicon compound of the present 
invention may be synthesized by treating, with a reducing 
agent, a doubly-silyl-terminated per?uoropolyether or a 
doubly-silyl-terminated per?uoropolyalkylene represented, 
for example, by general formula (3) below: 

$143 (‘1H3 (3) 
XS|iCH2CH2—Rf—CI-lzCHzS|iX 
CH3 CH3 

wherein X represents a halogen atom, F, Cl, Br, or I and Rf 
has the same meaning as previously de?ned. 
The reaction of a polyether or polyalkylene of general 

formula (3) above may be readily carried out by suspending 
or dissolving a reducing agent in a nonaqueous solvent, and 
adding dropwise the polyether or polyalkylene of general 
formula (3) above. Suitable reducing agents to be used are 
lithium aluminum hydride, sodium borohydride, and the 
like, usually used in amounts of ‘Ar-3 times, preferably about 
l/2—about equimolar amounts with respect to the terminal 
group X of the compound or general formula (3) above. 
Suitable nonaqueous solvents are dehydrated nonaqueous 
solvents, such as THF, diethylether, 1,3-dimethyl-2-imida 
zolidinone (DMI), dimethylformamide (DMF), dimethylsul 
foxide (DMSO), and the like. If the reaction, which for the 
most part proceeds rapidly even at room temperature, is 
slow, it should be heated to a suitable temperature ranging 
from 40°-100° C. 

The ?uorinated organosilicon compounds of the present 
invention may be used in a variety of applications. For 
example, treating a double-unsaturation-terminated perfluo 
ropolyether or per?uoropolyalkylene, for example, as rep 
resented by the following general formula: 

(Rf is as previously de?ned) with a ?uorinated organosilicon 
compound of the present invention in the presence of an 
addition reaction catalyst will lead to the synthesis of a 
polymer with a main chain containing per?uoropolyether 
groups or per?uoropolyalkylene groups. The polymer is 
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CH3 

useful as a material for highly solvent-resistant and chemi 
cal-resistant rubber because the polymer has a high ?uorine 
content, and particularly as a material which may be used as 
a mold release because the polymer has a low surface 
energy. 

EXAMPLES 

The present invention is illustrated in more detail by 
reference to the following examples. 

Example 1 

To a 100 ml three-neck ?ask provided with a stirrer, a 
thermometer, a Dirnroth condenser, and a dropping funnel 
through which nitrogen gas was introduced at a rate of 50 
ml/min were added 0.38 g of lithium aluminum hydride and 
10 g of THF, followed by adding dropwise, while stirring the 
contents with a stirrer, 10.7g of a doubly-dichlorosilyl 
terminated per?uoropolyether represented by the following 
formula: 

CH3 CH3 

CH3 CF3 CF3 CH3 

After completing the addition, the mixture was allowed to 
stand for 30 minutes at room temperature and after ?ltering 
off the unchanged lithium aluminum hydride, it was vacuum 
distilled to give 8.3 g of a fraction boiling at 117° C./1 
mmHg. 
The distillate fraction was analyzed by elemental analysis, 

IR, 1H-NMR, 19F-NMR, and GC-MASS. The results are 
given below. 
GC-MASS: Molecular weight=1,004 IR: The spectrum is 

provided in FIG. 1: vs,-__H: 2,130 cm-1 vC_F: 1,100—1,300 
cm 1H-NMR: TMS Standard, ppm 0.13 (d, Si-——CH3, 12H) 
0.83 (m, Si-—CH2, 4H) 2.20 (m, CF-—CH2, 4H) 3.93 (rn, 
Si-H, 2H) lgF-NMR: CF, COOH Standard, ppm 
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cm-1 1H-NMR: TMS Standard, ppm 0.14 (d, Si—CH3, 12H) 
d b e c 0.85 (m, Si—-CH2, 4H) 2.21 (m, CF~—-FH2, 4H) 3.95 (m, 

—CHz(|JFO(CF2C|F0),,CF2— Si-——H, 2H) 19F-NMR: CFsCOOH Standard, ppm 
CFs CFs 5 
H. a 

e d b f c 

—CHzCFzCFzOCFzCFOCFz 
a: —3.60 I 

CF3 
b: -6.19 a 

c: —9.36 1° 

(12 —52.05 a: _393 

e. ~67.87 b: _4‘81 

15 c: —9.35 

Elemental Analysis: d; _1()_78 

c% n% Si% F% 0% e:—43.11 

Calculated 27.5 2.2 5.5 56.8 8.0 f: —68.07 
Found 27.8 1.9 5.1 56.7 8.5 2° 

The above analytical results show the distillate fraction to E1 ml An a1 . _ 
be a compound of the following structural formula. M 

C % H % Si % F % O % 
25 

CH3 CH3 Calculated 28.7 2.6 6.7 54.4 7.6 
| | Found 28.9 2.3 6.7 55.0 7.1 

H—?iCI-IZCHZ—(CFOCF2)3(CF20(fF)2-—CH2CH2?i—l-l 
CH3 CF3 CF?’ CH3 30 The above analytical results show the distillate fraction to 

be a compound of the following structural formula. 

Example 2 

To a 100 ml three-neck ?ask provided with a stirrer, a 
thermometer, a Dimroth condenser, and a dropping funnel 
through which nitrogen gas was introduced at a rate of 50 
ml/min were added 0.38 g of lithium aluminum hydride and 
10 g of THF, followed by adding dropwise, while stirring the 
contents with a stirrer, 9.1 g of a doubly-dichlorosilyl 
terminated per?uoropolyether represented by the following 

After completing the addition, the mixture was allowed to 

stand for 30 minutes at room temperature and after ?ltering 
off the unchanged lithium aluminum hydride, it was vacuum 

distilled to give 6.9 g of a fraction boiling at 108° C./1 

50 

The distillate fraction was analyzed in amanner similar to To a 100 m1 threemeck ?ask provided with a stirrer a 
that of Example 1 to glve the following results: 65 thermometer, a Dimroth condenser, and a dropping funnel 
GC-MASS: Molecular weight=838 IR: The spectrum is through which nitrogen gas was introduced at a rate of 50 

provided in FIG. 2: vSi_H: 2,130 cm-1 vc_F: 1,100—1,300 ml/min were added 0.76 g of lithium aluminum hydride and 
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10 g of THF, followed by adding dropwise, while stirring the 
contents with a stirrer, 10.8 g of a doubly-dichlorosilyl 
terminated per?uoropolyalkylene represented by the follow 
ing formula: 

After completing the addition, the mixture was allowed to 
stand for 30 minutes at room temperature, and after ?ltering 
01'1" the unchanged lithium aluminum hydride, it was vacuum 
distilled to give 7.0 g of a fraction boiling at 121° C./4 
mmHg. 
The distillate fraction was analyzed in a manner similar to 

that of Example 1 to give the following results. 
GC-MASS: Molecular weight=474 IR: A spectrum is 

provided in FIG. 3: vS,-__H: 2,130 cm-1 vc—F: l,l00—l,300 
cm-1 1H-NMR: TMS Standard, ppm 0.16 (d, Si—CH3, 12H) 
0.88 (m, Si—CH2, 4H) 2.22 (m, CF—FI-I,, 4H) 3.96 (m, 
Si—H, 2H) 19 F-NMR: CF3COOH Standard, ppm 

a b c 

——CH2CF2CF2CF2—— 

a: —38.42 

b: —44.28 
c: —45.80 

Elemental Analysis: 

C % H % Si % F % 

Calculated 35.4 4.6 11.8 48.2 
Found 356 4.3 12.1 48.0 

The above analytical results show the distillate fraction to 
be a compound of the following structural formula. 

Because the novel ?uorinated organosilicon compound of 
the present invention has two silylethylene groups having a 
structure that a Si atom is linked, through an ethylene group, 
to a divalent per?uoroalkylene group or a divalent per?uo 
roether group, they exhibit excellent properties, such as 
solvent resistance, chemical resistance, and mold release, 
and materials prepared from these polymers, such as a 
variety of rubbers, show improvements in these properties. 
What is claimed is: 
1. A ?uorinated organosilicon compound represented by 

formula (1): 

20 

30 

35 

45 

50, 

55 

wherein Rf is a divalent group represented by formula (2): 

rcFzcrocrnjrerocrnacrnrceotimcrzocrcm (2) 
Y CF3 CF; Y 

wherein Y is a ?uorine atom or a CF3 group, 1 is an integer 
of O-8; k and m are integers of 0-4; j and n are integers of 
0 or 1; with the proviso that the integers j, k, m, and 11 cannot 
be simultaneously equal to zero. 

2. The organosilicon compound of claim 1, wherein Rf is 
a divalent per?uoropolyether group. 

3. The organosilicon compound of claim 1, wherein Rf is 

wherein k and m are integers of 04; except when k=m=0. 
4. The organosilicon compound of claim 1, wherein Rf is 

5. The organosilicon compound of claim 1, wherein Rf is 

CF3 CF3 CF3 CF23 

wherein k and m are integers of 0—4. 
6. The organosilicon compound of claim 1, wherein Rf is 

wherein k and m are integers of 0-4; and l is an integer of 
1-8. 

7. The organosilicon compound of claim 1, wherein Rf is 

wherein k and m are integers of O-4; and l is an integer of 
0—S. 
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